INTRODUCTION {#sec1-1}
============

Frostbite represents a spectrum of tissue injury, ranging from superficial insult to deep tissue freezing. Although it is not usually associated with mortality, there is a high level of morbidity that can occur with severe frostbite with potential loss of digits or limbs.

Historically, frostbite has affected military personnel; however, the incidence of frostbite in the military population is declining, as shown in a 2010 study by Hall *et al*., who found only 19 reported cold injuries, two of which were frostbite, in a retrospective review of over 18,000 patients identified by trauma registry, compared to 6,300 cases of cold weather injury seen previously in the Korean war.\[[@ref1]\]

The epidemiology of this condition has changed over the past twenty years with greater involvement of the civilian population.\[[@ref2]\] There is no formal reporting system for frostbite cases and the incidence of frostbite in the general population has not been widely studied. The prevalence and incidence of frostbite varies widely depending on the study population. A 2009 cross-sectional study performed in Finland sent out a cold questionnaire to the general population. Subjects were randomly chosen from a pre-existing nationwide health survey system from all over Finland in the years 1997 and 2002. Of 13,713 participants ranging from ages 25-74 years, 697, or 5.1% sustained some type of frostbite.\[[@ref3]\] In another cross-sectional Finnish study of male military recruits aged 17-30, the prevalence of frostbite was 2555/5839, or 44% with an annual incidence of 2.2%. The questionnaire addressed frostbite sustained prior to military service.\[[@ref4]\] The incidence of frostbite was also examined in a high risk population, mountaineers, and found to be 366/1000 mountaineers per year.\[[@ref5]\]

Frostbite or damage to tissues from exposure to temperatures below their freezing point, can occur at -2°C (28°F). Tissue freezes faster at lower temperatures and in the presence of wind. The severity of frostbite is proportional to the duration of the exposure.\[[@ref2][@ref6][@ref7]\] Risk factors for frostbite injury in the civilian population include prolonged exposure, decreased ambient temperature, inadequate clothing, smoking, peripheral vascular disease, diabetes, Raynaud\'s disease, sepsis, previous cold injury, concomitant use of alcohol or drugs, psychiatric illness, dementia, trauma, vehicular breakdown, and homelessness.\[[@ref6]--[@ref8]\]

Until the early 1990s the goal of frostbite treatment was to preserve viable tissue and prevent infection, with rapid thawing, daily wound care, antibiotics as indicated, and watchful waiting being the mainstays of therapy. The treatment of frostbite had not progressed until the introduction of tPA for limb and digit salvage in the 1990s. The following case report outlines a case of frostbite treated with tPA at our institution.

CASE REPORT {#sec1-2}
===========

A 59-year-old woman was found outside her home by a neighbor. The average temperature that day was -7°F. The patient was confused initially, and gave various stories to different providers about how she came to be outside and exposed for a prolonged period of time. She was outside for 2 hours according to her initial report. She was unable to provide a complete medical history; however, she was able to state she had a history of depression, anxiety, and migraines, and medications included alprazolam and sumatriptan as needed. She denied drug or alcohol use. Complaints on arrival included bilateral hand, arm, knee, and ankle pain.

Examination revealed mild hypothermia (temp 34.2°C) and cold, mottling and woody induration of all ten digits of the hands. Passive re-warming techniques were used to correct her hypothermia. Her hands were placed in a water bath at 40°C. After re-warming, her hands became purple and swollen \[Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}\].

![Left hand after rewarming](JETS-5-267-g001){#F1}

![Right hand after rewarming](JETS-5-267-g002){#F2}

Multiple imaging and laboratory studies were obtained in the ED. Pertinent studies included a normal head CT, a WBC count of 17.5k, and a CK of 441. Her mental status improved, and although unable to recall details of her exposure, she thought she had been outside longer than 2 hours. The surgery team was consulted regarding the patient\'s frostbite and she was admitted to the burn service. A bone scan was urgently obtained which revealed: (1) No perfusion identified within the left third through 5^th^ digits and right 4^th^ and 5^th^ digits, and (2) Small amount of uptake at the base of the right first 3 digits and left first and second digits \[[Figure 3](#F3){ref-type="fig"}\]. The patient was given aspirin. Intravenous (IV) tPA was given as a 0.15 mg/kg bolus followed by an infusion of 100mg at 0.15 mg/kg/hr. After tPA, a heparin drip at 12 units/kg/hr was administered for 36 hours. A repeat bone scan was performed two days after admission, showing increased perfusion in the first through 4^th^ digits bilaterally to at least the proximal interphalangeal joints, and in the 5^th^ digits bilaterally, more modestly improved flow to the mid proximal phalanx level \[Figures [4a](#F4){ref-type="fig"} and [b](#F4){ref-type="fig"}\].

![Initial bone scan prior to thrombolytic therapy. There is no perfusion identified within the left 3^rd^ through 5^th^ digits and right 4^th^ and 5^th^ digits, and a small amount of uptake at the base of the right first 3 digits and left 1^st^ and 2^nd^ digits](JETS-5-267-g003){#F3}

![(a-b): Bone scan after thrombolytic therapy showing increased perfusion in the first through 4^th^ digits bilaterally to at least the proximal interphalangeal joints, and in the 5^th^ digits bilaterally, more modestly improved flow to the mid proximal phalanx level](JETS-5-267-g004){#F4}

After a twelve day hospital stay, the patient was discharged to a nursing facility to allow demarcation of her injuries. The patient returned to the hospital approximately one month after her initial presentation for amputation of mummified tissue. All ten fingers had amputation: bilaterally, her index, middle and ring fingers were amputated to the level of the proximal phalanx. Thumbs were amputated to level of the proximal phalanx. Pinky fingers were amputated at the level of metacarpo-phalangeal joint. She spent 1.5 months in a nursing facility. Upon discharge, she was able to write her name and perform activities of daily living.

DISCUSSION {#sec1-3}
==========

The treatment of frostbite injury had been stagnant for many years prior to the introduction of thrombolytic therapy. The mainstays of treatment had been re-warming, local wound care, watchful waiting, and then progression to either recovery or amputation. Other investigations into anti-thrombotics, dextran, and hyperbaric oxygen therapy have not been fruitful.\[[@ref9]--[@ref11]\]

In frostbite, two elements, tissue freezing and reperfusion, contribute to the damage seen in frostbite patients. Parts of the mechanism of injury are not clearly understood.First, tissue freezing leads to crystallization of the extracellular space with increase of extracellular oncotic pressure, causing fluid shifts out of the cells. This causes cellular dehydration and disruption of intracellular metabolism and instability of the cell membrane. The cell itself is also prone to mechanical damage by extracellular ice crystals. Vasoconstriction, ice crystal formation in the plasma, and increased blood viscosity with subsequent microvascular damage leads to an inflammatory response.\[[@ref6][@ref7][@ref12]\] This begins a cascade of events that ends with thrombosis, tissue ischemia, edema, and endothelial injury.\[[@ref13]\]

Reperfusion injury then occurs when blood flow is restored. Early thrombolytic therapy could limit microvascular thrombosis and help prevent reperfusion injury. With thawing, further endothelial damage and lysis of cells occur, with release of inflammatory cytokines and further development of microvascular clot and edema.\[[@ref6][@ref7]\] Early thrombolytic therapy can theoretically limit microvascular thrombosis and help prevent reperfusion injury.

The initial examination of the frostbitten extremity may reveal a range of severity of injury from superficial (erythematous area around a white center) to deep (hemorrhagic blisters or full thickness tissue necrosis). The final demarcation of viable tissue is hard to determine at this stage. At this time, some supportive measures can be started, including addressing hypothermia, pain management, IV hydration, and consideration of transfer to a higher-level facility. The decision to re-warm the affected extremity should not be taken lightly. If there is another period of freezing, the prognosis is worse. Rapid transport to a facility capable of giving tPA is of utmost importance; it may be the re-warming needs to be done there.

The decision to proceed with thrombolysis of frostbitten extremities is typically based on results of technetium-99m triple-phase bone scanning or angiography. Bone scanning has been found to predict tissue viability.\[[@ref14]\] Findings on physical exam that should prompt further evaluation by one of these two methods include absent capillary refill, absent Doppler pulses, purple discoloration and hemorrhagic blisters. Ultimately, a decrease in perfusion should lead to treatment with thrombolytic therapy.

There are few studies describing thombolytic therapy in humans. Two methods have been described -- catheter directed intra-arterial (IA) and systemic IV therapy. There have not been any prospective ranndomized studies comparing the two methods.

Bruen, *et al*. published a 2007 retrospective review of patients at their institution who received IA therapy for severe frostbite.\[[@ref15]\] They compared patients treated with IA tPA starting in 2001, (when they implemented their protocol), to historical controls from 1995-2001 as well as more recent patients presenting greater than 24 hours after injury. Patients were given IA tPA if they had evidence of significant perfusion defect on ^99^Tc-scintigraphy or distal angiography and had no contraindications for tPA. A total of 32 patients were identified. They reported a 10% amputation rate among those treated with IA tPA within 24 hours of injury (vs. 41% in those not receiving tPA). The authors reported one complication in the patients who received IA tPA, with one patient developing a retroperitoneal hematoma that was managed non operatively and resolved without further issue.

Bruen recommends dosing as follows: (1) IA catheter(s) are placed, (2) an initial bolus of 2-4 mg is given, (3) a maximum infusion of 1 mg/hr is started; this infusion dose is divided amongst the catheters (e.g., two extremities involved = 0.5 mg/hr per extremity, etc.). Heparin is given at 500 mg/hr concurrently through the access sheath. tPA is continued until there is evidence of tissue reperfusion, 48 hours has passed, or the attending surgeon and interventional radiologist feel there is no further therapeutic gain by continuing the infusion. Heparin is continued for 72-96 hours. More recently, adding a vasodilator to IA tPA has been suggested.\[[@ref16]\]

In 2005, Twomey *et al*. published a non-randomized prospective trial with historical controls to assess the safety and efficacy of tPA for severe frostbite.\[[@ref17]\] The study was funded in part by the manufacturer of r-TPA. Trial enrollment began in 1989 and stopped in 2003. Patients received either IA tPA (6 patients) or IV tPA (13 patients), and were included in the study if they had no improvement with re-warming, absent Doppler pulses in limbs and/or digits, and no perfusion on Technetium 99m three-phase bone scan, and no contraindications to tPA. Patients also received heparin acutely and warfarin for 4 weeks after tPA treatment. The authors reported of 174 digits at risk in 19 patients treated with tPA; part or all of 33 digits were amputated (10 fingers and bilateral BKAs in one patient with 60 hours of cold exposure with repeat freeze-thaw cycles). Response was seen in 16 of the 19 patients. This compares to 12 of 16 patients requiring amputation in the control group. No complications were reported in the IV tPA group. In the IA group, two patients had reported complications, where one patient had bleeding at arterial puncture sites requiring premature cessation of therapy and the other developed hematuria that required cessation of therapy.

Overall, this study showed safety and efficacy of tPA in a small number of patients, with equivalent results in IV and IA patients. Two patients who received IA tPA patients had complications. Ultimately the authors recommend tPA at dosing of 0.15 mg/kg bolus with a 0.15 mg/kg/hr infusion over 6 hours up to a maximum of 100 mg and heparin therapy (defined as PTT twice control values) for 3-5 days, and aspirin therapy for several weeks after discharge.\[[@ref17]\]

Contraindications to use of tPA in the Bruen study included superficial frostbite, involvement of the tips of the distal phalanges, concurrent trauma, neurological impairment, recent surgery or hemorrhage, or bleeding diasthesis. Contraindications to the use of tPA in the Twomey study included: Severe hypertension, recent trauma, stroke, or bleeding disorder, pregnancy, mental incapacity, drug or alcohol intoxication, repeated freeze-thaw cycles, or more than 48 hours of cold exposure.

The optimal timing of tPA administration is as fast as possible after exposure. However, the outer range of tPA administration after exposure is not clear. In the Bruen study, one patient received tPA treatment approximately 48 hours after exposure with no improvement in blood flow. The remainder of their patients treated with tPA were treated within 24 hours after exposure.\[[@ref15]\] In the Twomey study, the authors found that patients that did not respond to tPA were those with greater than warm ischemia time greater than 6 hours, more than 24 hours of cold exposure, or those with multiple freeze-thaw cycles.\[[@ref17]\] Based on these two studies, most of the literature now recommends tPA be given within 24 hours of exposure.

CONCLUSIONS {#sec1-4}
===========

Although our patient\'s bone scan did show improvement after tPA and heparin infusion, her digits were ultimately unable to be salvaged. Further discussion with family revealed that she had likely been exposed for a much longer period of time, possibly 7 or 8 hours.

This case outlines the current evaluation and management of frostbite. IV tPA shows promise for a condition that has had no advances in treatment for decades. Evidence is limited but suggests IV tPA is an effective treatment, and possibly the only opportunity for digit and limb salvage.

In the ED, re-warming the affected digits in a 40°C water bath along with concomitant treatment of hypothermia or co-morbid trauma and medical conditions is the first priority. Access to a facility with bone scanning or angiography and the ability to monitor a tPA infusion is important and should be considered early in the disposition decision. The risk/benefit ratio must be considered before starting tPA empirically prior to any bone scan or angiography. Transferring the patient may be appropriate to obtain imaging and treatment. Consultation with a plastic/burn or general surgeon is encouraged prior to transfer in questionable cases. Our facility recommends transfer to a burn center for new severe frostbite, danger of skin or limb loss, or if the transferring facility feels uncomfortable caring for the patient.

Based on limited existing literature, patients who are eligible for tPA should have less than 24 hours of cold exposure, no evidence of multiple freeze/thaw cycles, show no improvement with rapid re-warming in tepid water, absent doppler pulses in limbs and/or digits, and absence of perfusion on angiography or technetium-99m triple-phase bone scanning, with no indications to tPA treatment. Patients should be able to consent for treatment or have a representative able to consent for them. Traditional contraindications for tPA should be employed. IV tPA appears to be equally as effective as IA tPA with a lower complication rate.
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